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links can be connected to each other; and 

(c) configuring each of said nodes/ which is not a primary node so that a channel c 
on one of its incident links cap be connected to the same channel c on its other 
incident link. 



2. In a ring communications network 



laving a plurality of channels on each of a plurality 



of links interconnecting nodes of said network, with one of said nodes being a primary 
node which is configured so that any two channels between its incident links can be 
connected to each other, wherej^aid channels of said links are assigned to a set of 
end-to-end communication connections 1, yf j, m, where each end-to-end commu- 
nication connection j is a sequen:e/ oLeonnected channels that follow a path pj on said 
ring communications network, a method of assigning channels to said paths {pi, ...,p m } 
comprising: 



(a) identifying each path p,- as 
as an uncut path if it doef 



a cut path if it passes through said primary node and 
not pass through said primary node; 



(b) for each cut path pi, forming two paths a; and 6;, to be referred to as residual 
paths, by splitting^ intq two at said primary node such that said primary node 
becomes an end node fori both said residual paths; 

liiel 



(c) assigning a single chan 
channel c(<2j) and a single 
wherein each connection 
of its path where no two 



el c(pj) to each uncut path pj, and assigning a single 
channel c(bi) to each residual path a t * and respectively, 
using one of said paths is assigned a channel on each link 



of said connections are assigned the same channel on the 
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(d) for each uncut path p iy assigning to it said channel c(pi) of each link that it 
traverses; and 

(e) for each cut path p it assigning |o it the said channel c(a^) of each link that residual 
path a,- traverses, and assign/ it channel c(bi) of each link that residual path b { 
traverses. 

3. A ring communications network /for providing high utilization of its bandwidth, said 
network comprising: a plurality of nodes connected to each other by a plurality of links, 
with one of said nodes being a ^primary node capable of connecting any two channels 
between its two incident links, of said links, and with each of the remaining ones of said 
nodes capable of connecting oiily the same channel to each other on its two incident 
links, of said links, wherein aNcircuit connection terminating at two of said nodes is 



established by assigning 
connection. 



han'nels on those of said links that are used for a path of said 



4. In a communications ring network having a plurality of nodes interconnected to each 
other by a plurality of links, a method of assigning channels on each link, of said links, 
along paths of connections through said network, said method comprising: 

(a) providing full channel connectivity between any two channels of the two incident 
links, of said links, of a primary node, of said nodes; 



(b) for each of the remaining 
each other on its incident 



ing ones of said nodes, attaching only the same channels to 
links; 
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(c) for each of said connections 



no two connections use the 



assigning a channel on each link of its path such that 
same channel on a common link, of said links; 



(d) for each connections whose path does not pass through said primary node, as- 
signing the same single channel in each of said links along its entire path; 

(e) identifying all paths of said connections that pass through said primary node, 
where latter said paths are referred to as cut paths; 

(f) for each cut path, forming two paths, referred to as residual paths, by splitting 
said each cut path at salpprimary node which becomes an end node for said two 
residual paths of said/each cut path; and 

(g) assigning a single channel hp each^fne of said residual paths. 

5. In a ring communications n-?twork having N nodes, wherein each link between nodes 
is a multichannel multiplexed link having W channels, denoted by channel numbers 
{0,1,..., W - 1}, a methocj of configuring said nodes of said network, said method 
comprising: 



(a) designating one of said 
0, 1, ...,yV-l starting 
around said ring to ai 



nodes as a primary node and numbering said nodes 
Irom the primary node and proceeding in only one direction 
adjacent one of said nodes; 



(b) for i = 0, JV— 1, numbering the link between the pair of nodes i and i+1 mod N 
with the number i; 



(c) creating graph H which 
go between pairs of 



ich is composed of a set of vertices and a set of edges, that 
Vertices, where the set of vertices includes: 
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i. a collection of W vertices ][u 0 , ...,u^-i} called the stage 0 vertices, 



ii. a collection of W verticep {voi—,v\v-i} called the stage s vertices, where 
s<N+l, and 

iii. for each i = 1,2,..., s - la collection of vertices {xo{i), £i(0> x s .-i(i)} 
called the stage i vertices, with S{ denoting the number of vertices in stage i, 
and 



the set of edges includes:/ 



i. for each z = 1, s - 2 a collection of W edges between stage i vertices and 
stage i + 1 vertices, 

ii. an edge from each vertex U{ in stage 0 to a vertex in stage 1, and 




iii. an edge from a vertex 



(d) defining any function /(•) ais 
l}such that (/(0),/(l),... 

i}; 

(e) said graph H having the 
permutation r(-) and a sen 

i. for each i = 0, W 



in stage s — 1 to each vertex Vi in stage s; 



a permutation if it is defined for the values {0, 1, W- 
f{W—\)) are distinct values from the set {0, 1, W— 

property that for each permutation 7r(-), there is a 
of W paths {/i 0 , hi, h\v-\} in H such that: 

- 1, path hi starts at node u r ^) in stage 0, traverses 



vertex stages 1, 2, s in succession, and ends at node v T (*(i)) in stage s, and 
ii. the paths {h 0 , hw i) do not have common edges in H\ 



the collection (r(-), ho, 
instance for 7r(-); 



h Xt hw-i) being referred to as an interconnection 
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(f) assigning each edge e of said graph H to a channel, denoted by 7(e), in the said 
ring communications network comprising: 

i. assigning the W edges between vertices of stages 0 and 1 in the said graph H 
to distinct channels in lir k 0 of the said ring communications network such 
that if edge e of H is indident to vertex tx t - in stage 0, then e is assigned to 
channel i and 7(e) equals i, 

ii. assigning the W edges between vertices of stages 5 — 1 and $ in the said graph 
H to distinct channels in link (5 — 1) mod N in the said ring communications 
network such that if QOjKe\ of H is incident to vertex v,* in stage 5, then e is 
assigned to channel I ind 7(a) equa^ i, and 



iii. for each stage i — 1 
of stages % and i + 1 
network, and for eacl} 
of link % that e is ass 



^/assigning the W edges between the vertices 
the graph H to distinct channels in link i of the said 
of the said edges e of H, letting 7(e) denote the channel 
gned to; 



co; 



(g) for i = 1,2,..., s - 1, 
network such that chann 
link i mod N if: 

i. in the said graph H 
such that 7(e) = c, 

ii. in the said graph H 
such that 7(e') = d % 

iii. in the said graph H, 



nfiguring node i mod N of said ring communications 
si c on link (i — 1) mod N is attached to channel d on 

there is an edge e between vertices of stages i — 1 and i 

there is an edge e' between vertices of stages i and i + 1 
and 

e and e 7 are incident to a common vertex in stage t; and 
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(h) configuring the other nodes siich that a connection on any channel c on one of its 
links can be connected to the same channel c on its other link. 

6. A method as recited in claim 5, further comprising a method of assigning channels 
to a set of end-to-end communication connections 1, j 9 m, where each end-to-end 
communication connection j is /a sequence of connected channels that follow a path 
Pj on the said ring communications network, whose nodes are configured as recited in 
claim 5, said method further comprising: 

(a) identifying each path p t - as a cut path if it passes through said primary node and 



as an uncut path if it 



oes\npt pass through said primary node; 



(b) for each cut path pi, i brining tw^/paths a* and 6 ( -, referred to residual paths, by 
splitting pi into two ak the/primary node, such that the primary node becomes 
an end node for both residual paths, and then labeling the residual path that 
traverses link 0 by 6; anp labeling the residual path that traverses link N - 1 by 

(c) partitioning the set of uncut and residual paths into W subsets denoted by 
(P 0 , ...P W -i)y such that in each subset no two paths traverse a common link; 

(d) finding a permutation 7n(-), as defined earlier in claim 5d, such that if pj is a cut 
path, dj e Pi and bj G A then 7r(i) = A:; 

(e) for the permutation tt(H, finding an interconnection instance (r(-), hi, h 2 , 
/ivv-i), as defined in claims 5e, where recall that r(-) is a permutation and 
{/i 0 , /hk-i} is a collection of paths in the said graph H of claim 5; ± . .-- . ( 
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(f) for each uncut path assigning 
that: 



channels to it from each link it traverses such 



i. if the path traverses a link j 
is assigned to the path, whe; 



such that j < $ — 1 then a channel c of the link 
:e c is determined by: 



A. finding the value k such/ that p 2 - € P*, 

B. in the said graph H, finding the edge e traversed by the path h r ^) between 
the stage j vertices an<jl the stage j + I vertices, and 

C. letting c equal 7(e), 
ii. if the path traverses a link j such that j > s — 1 then a channel c of the link 

is assigned to the path, where c is determined by: 



A. finding the value 



k slidh that j*f 6 P kl 



B. letting c equal tvk{M)\ and 

(g) for each cut path p,-, assigning channels to it from each link it traverses such that: 

i. if the path traverses a link j such that j < $ - 1 and its residual path a,* 
(respectively, bi) also traverses the link then a channel c of the link is assigned 
to the path p;, where c is determined by 

A. finding the value k such that a,- e Pk (respectively, 6 t - € P*), 

B. in the said graph H, finding the edge e traversed by the path h r ( k ) between 
the stage j vertices and the stage j + 1 vertices, and 

C. letting c equal 7(e) 



ii. if the path traverses a link j such that j > $ - 1 and its residual path Oi ^ 
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(respectively, 6,-) also traverses the link then a channel c of the link is assigned 



to the path p,-, where c 



is determined by: 



A. finding the value A; such that a,- € Pk (respectively, bi € Pk), 



B. letting c equal t(tt( 



7. A method as recited in claim L wherein said graph H has the same topology as a 
W x W Benes network, which is composed of a set of vertices and a set of edges, that 
go between pairs of vertices, where 

(a) the set of vertices includes: 



ii. a collection of W 



s — 2n and n = Ug 2 



iii. for each i = 1, 2, 
%w/2-i(i)} called the 




i. a collection of W ventmes {tzo, called the stage 0 vertices, 



t/o/. t %_i} called the stage s vertices, where 



,5-1, a collection of W/2 vertices {x 0 (i), xi(i) t 
stage i vertices; 



(b) and the set of edges includes: 

i. a collection of W epges between the stage 0 vertices and stage 1 vertices 
such that there is 4n edge between stage 0 vertex U{ and stage 1 vertex 

= (£ n -2j—i£o)i where (d n -i, do) is the n bit binary 
(5^-2, ...,<fo) is the n - 1 bit binary representation of 



x ; (l) if (d n ^...,di) 
representation of i 



and 



J. 



such that there is aiL 



ii. a collection of W edges between the stage 5-1 vertices and stage s vertices 

edge between stage s vertex t/ t - and stage 5 — 1 vertex 



Q 



m 

ri i 



h 

in 



u 

vj 
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Xj(s-1) if (rfn-l,-,^) = ($ 
representation of i and (<J n _ 
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j_2, So), where (d„-i, do) is the n bit binary 
, ...,tfo) is the n - 1 bit binary representation of 



iii. a collection of W edges between stage 1 vertices and stage 2 vertices such 
that there is an edge between stage 1 vertex x t (l) and stage 2 vertex xj(2) 
if (d n -2>— i^i) = (<J n -3i -,Po), where (d n -2> do) is the n - 1 bit binary 
representation of i and (5 n i-2, ••-,^o) is the n — 1 bit binary representation of 



iv. a collection of W edge 



beWeen stage n — 1 vertices and stage n vertices such 



v. for each k = 2, 3, ...,n - 
and stage k + 1 vertice 



that there is an edge betveen stage nJ- 1 vertex x\{n — 1) and stage n vertex 
x ; (n) if (rf n _2, =? ((>n/-\ ; — tjWi where (rf n _2j — , do) is the n — 1 bit binary 

representation of i andN , 6 n _2, ...,^o) is the n — 1 bit binary representation of 

2, a collection of W edges between stage A; vertices 
3 such that there is an edge between stage k vertex 



Xi(k) and stage k + 1 vertex xj(k+ 1) if (d n _i_fc, ...,di) = (£ n -*-2, »-,£o) and 



(d„-2i — i^n-Jfe) = (<*n-2 

representation of z and 
h 

vi. a collection of W edges 



• j^n-Jt)) where (d n -2, -j^o) is the n — 1 bit binary 
(£ n „ 2) •••)£()) is the n - 1 bit binary representation of 



between stage 5 — 2 vertices and stage s — 1 vertices 
such that there is an eldge between stage 5-2 vertex Xi(s — 2) and stage 
1 vertex Xj(s-l) if Un-3, = (£1-2, — ,£1)1 where (ck-2, -•,<*<>) is the ; 



5- 
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n - 1 bit binary representation of i and (£ n -2, .»,£o) IS the n — 1 bit binary- 
representation of j y 

vii. a collection of W edges fcjetween stage n vertices and stage n + 1 vertices 
such that there is an edgfe between stage n vertex Xi(n) and stage n + 1 
vertex x 7 *(n + 1) if (rf n _J, di) = (5 n -2, where (</ n -2, is the 

n - 1 bit binary representation of i and (J„_2, £o) is the n — 1 bit binary 
representation of j, and/ 
viii. for each A; = n + l,n + 2(...,s — 3, a collection of W edges between stage A: ver- 
tices and stage k + 1 vOTtkes such that there is an edge between stage A; vertex 



Xi(k) and stage k 

nary representation of 
of j. 




8. In a ring communications 
adjacent pair of said nodes is 
noted with channel numbers { 
of said network, said method [comprising: 



(a) designating one node in 
1, N-l starting from 
around said ring to an 



+ 1) if (4-i-n, * * • i d 0 ) = (4-n, 8i), and 
_ 2 r^ ) <Wi-n) ) where (rf n _o, .«.,^o) is the n — 1 bit bi- 
i and (5 n -2, • <^o) is the n — 1 bit binary representation 



network having N nodes, wherein each link between each 
a multichannel multiplexed link, with W channels, de- 
0, W — 1}, a method of configuring each of said nodes 



a ring as the primary node and numbering the nodes 0, 
the primary node and proceeding in only one direction 
adjacent one of said nodes; 



(b) for i = 0, N-l, numbering the link between nodes i and (i+l)modN with the 
number i; and 
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(c) configuring each of said nodes such that channel c on link i may be connected to 
one of A + 1 channels on link [i + 1) mod N, where A > 2, and where one of the 
channels on link (i+1) mod N is channel {(c+1) mod W and the other A channels 
on link (i + 1) mod N are the channels {(c - k • A 1 *) mod W : A; = 0, 1, A - 1}. 



9. A method as recited in claim 8 furt 



communication connection j is a se< 



ler comprising, a method of assigning channels to 



a set of end-to-end communication connections 1, j, m, where each end-to-end 



uence of connected channels that follow a path pj 



on the said ring communications network as recited in claim 8, a method of assigning 



channels to the paths {pi, ...,p n 



(a) identifying each path p ; - as a 
as an uncut path if it does^ 

(b) for each cut path pi, forming 
splitting pi into two at the p 
an end node for both residudi 
traverses link 0 by £>,• and labe! 




(c) partitioning the set of uncu 
(Po: — Pw-i)» such that in eacth 



comprising: 



if it passes through said primary node and 
pass through said primary node; 

two paths Oi and 6,-, referred to residual paths, by 
imary node, such that the primary node becomes 
paths, and then labeling the residual path that 
ing the residual path that traverses link N — 1 by 



and residual paths into W subsets denoted by 
subset no two paths traverse a common link; 



(d) finding a permutation 7r(-), ajs 
a.j e Pi and bj € P k then tt(z) 



defined in claim 5d such that if pj is a cut path, 

= fc; 



(e) for the permutation 7r(-), deling a pair of channel numbers i and j to be -7r- 
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related if there is a sequence of channel numbers (ro,r u r^) such that r 0 = i, 
r k = j, and for n = 0, 1, A; - 1|, r n+1 = ?r(r n ); 

(f) partitioning the channel number^ {0, W— 1} into nonempty subsets (Co, Cm-i 
where M is the number of subsets, such that numbers within a subset are 7r- 
related, while numbers from different subsets are not; 



(g) finding the size of each subset 



d and denoting it by s,-; 



(h) for each Cu finding a function flfc(-) that is defined for the set of values {0, Sj— 1} 



and takes values from the set 



i. there is one element j in< 



ii. for each element j in Cl 



(i) finding a set of numbers {t 0 , 

i = 0, M - 1, m od M 

(j) for each k = 0, ...,M - 1: 



(0, — 1} such that: 




*a/-i} from the set {0, W - 1} such that for 

4 {U + Si) mod W\ 



i. letting (d,v-i(&),djv-2(&) 
of the value s* — 1, 

ii. letting A)(&) denote 0 
EiLo*.(*)-A n ; and 

(k) for each pair (i, j), where j 
1}, determining a value a(i 



i. let k denote the value such that i G C*, 



ii. determine a value 



, d 0 (k)) denote the base A, N digit representation 



and for i = 1,2,..., TV - 1, letting A(*0 denote 



{0, 1, JV— 1} is a link number and i G {0, W- 
j) comprised: 



V 



, where 
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A. if qk(i) = Sk - 1 then let p(i,j) = s k - 1 - 

B. if q k (i) < s k - 1 and < s k - 1 - £>j(Ar) then let p(i, j) = 

C. if < s k - 1 and > s k - 1 - Dj(k) then let p(i, j) = + 1, 
iii. let = (t k + p(ij))j mod W; . 

(1) for each uncut path p k and each link j it traverses, assign channel cr{i,j) from the 
link to the path, where i is/such that p k 6 P*; and 

(m) for each residual path a k /(resp., b k ) and each link j it traverses, assign channel 
cr(i,j) from the link to path p kl where i is such that a k 6 (resp., b k € i^*). 

10. A ring communications network having iV nodes with multichannel communication 
links between each pain of said nodes^/where each link has W channels, said ring 
network configured as folloy s: 

each of said nodes configured such that channel C on link i may be connected to one 



of A + 1 channels on link ( 



+ 1) mod N, where A > 2 and where one of the channels 



on link (i + 1) mod N is channel (c + 1) mod W and the other A channels on link 
(i + 1) mod N are the channels (c — k • A 1 ) mod W, where k = 0, 1, A — 1, where 
the nodes are numbered frDm 0, 1, N starting at the primary node of the ring and 
proceeding in one direction around said ring, and where a link between nodes i and 
(i + 1) mod N is designated as link i. 

11. In a star network having a plurality of N nodes interconnected by a plurality of 
links, with one of said nodes being the hub node h and the other said nodes being 
{xi,..., Jfjv-i}i referred to' as the spoke nixtes, and being connected to said hub node 



• ft 
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by one of^said links having W channels, where W is even, a method of configuring said 
nodes, said mfe^hod comprising: 

(a) dividing channels\|nto two sets, with each set having W/2 channels, where the 
first set has channels Umbered {0, W/2 — 1} and the second set has channels 
numbered {W/2, W - 1 J\and 

(b) configuring said hub node such\hat channel i on any one of said links may be 
connected to channel w(i) on any of said links, where w(i) equals i + W/2, 

12. A method as recited in claim 11, further comprising a method for assigning channels to 
a connection which traverses at most two of said links, wherein paths pi, .*.,p m traverse 
exactly two of said links and paths p m +i, ~->Pm traverse only one of said links, and 
wherein said links are designated as links Ci, to, e^v-i such that for i = I, N — 1, 
ei is between nodes X{ and h % comprising: 

(a) referring to a path as being incident to its end nodes; 

(b) directing paths {pi, ...,p m } so that each path is viewed as going from one of its 
end nodes to the other and that each spoke node will have at most W/2 incident 
paths that are directed into it and at most W/2 incident paths that are directed 
out of it; 

(c) referring to a node that has at least one incident undirected path as a free node; 

(d) directing the said paths {pi, ...,p m } by using the following procedure: 

i. if each link has exactly W paths from the set {pi, ....,Piw} that traverse it 
then let R = M ; otherwise, construct additional paths Pm+uVm+2, —iPk in 




"5 
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the star network so that for each link, there are exactly W paths from the 
set {pi, .--iPr} that traverse it, 

ii. initially all paths {pi, ...,p*} are considered undirected, and 

iii. as long as there is a free node, do the following: 

A. start from a free node, say x^, and traverse an undirected incident path 
(from the set {p 1} ...,p#}) to the other end node, and direct the path in 
the direction of the traversal, 

B. starting from the other end node, traverse an undirected incident path 
(from the set {pi,...,p*}) to the next end node, and direct the path in 
the direction of the traversal, and 

C. keep traversing undirected paths (and directing the traversed paths) in 
this way until x t - is reached; 

(e) creating a bipartite graph G which has two sets of vertices {u x , w^v-i} and 
{vi, ...,1/jv-i} and has edges {&i,...,6 m } such that for i = l,....,m, 6,- is between 
uj and Vk if path p,- is directed so that it traverses link e 7 - and then e^; 

(f) assigning a number from said first set {0, W/2 - 1} to said edges of graph G 
such that at any vertex in graph G has all of its incident edges assigned to distinct 
number of said first set, and denoting said number assigned to each edge bi by 
q{bi)\ and 

(g) for i = 1, ...,m, assigning channels to p t - where 

i. the channels are q(bi) from link ej and w(q(bi)) from link where j and k 
are such that Uj and i/* are the end vertices of 6 t *, where w(i) = i + W/2, and 
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(h) for i = 1,2, ...,7V — 1, assigning distinct channels to all paths from the set 
{Pm+i> -mPjw} that traverse the link a such that said channels are not already 
assigned to paths from {p x , ...,p m }. 

13. \ln a star network having N nodes with one of said nodes a hub node, wherein each of 

the\other of said nodes is connected to said hub node by a multichannel link having 
W channels, where W is an even integer, a star network configured as follows: 

said hub nooe configured such that channel i on any one of said links may be connected 
to channel w(i)\n any other of said links, where w(i) = (i + W/2). 

14. In a network consisting of N nodes and E links Ci, C2, — e^, wherein each link between 
nodes is a multichannei >SS i^ link, consisting of W channels {0, 1, W - 1}, 
where W is even, a method ^^configuring the nodes in the network, said method 
comprising: 

(a) grouping channels into two sets, {0\- } W/2 - 1} and {W/2, W — 1}; and 

(b) at each node, for i = 0, 1, W/2 — 1, connecting channel i on one link to channel 
w(i) on all the other links incident on that n^de, where w(i) = i + W/2. 

15. A method as recited in claim 14, further comprising a method for assigning channels 
to connections 1,2, ...,m using paths p u ...,p m , wherein each of said paths traverses at 
most two of said links, where no two connections traversing the same one of said links 
are assigned to the same channel on said one link, said method comprising: 

(a) creating an equivalent star network with E+l nodes with the E nodes e^e^, ...e^ 
corresponding to the edges in the original network and the remaining node h being 
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the hub node; and 
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(b) creating an equivalent set of connections in the said star network pi,?^ •■•>Pm 
such that: 

i. if connection p t * uses link ej in the original network then connection p\ uses 
the link between nodes e'j and h in the said star network, 

ii. if connection p f uses links e ; - and in the original network then connection pa- 
uses the following two links in the said star network: the link between nodes 
e'j and h and the link between nodes d k and /i, 

iii. assigning channels to the p\ according to the method of claim 12, and 
assigning the same set of channels to p { as to p' {1 and 

iv. assigning channels to the set of paths pj, p f m such that for i = 1, 2, m if pj 
is assigned channel c on the link between nodes e'j and h and is also assigned 
channel d on the link between nodes h and d k in the said star network then 
c and d are the channels assigned to path p,- for links ej and respectively. 

16. A network having N nodes and E links for interconnecting said nodes, where each link 



xecNlink 



is a multichannel multiplexecN^ink having W channels, where W is even, a network 
configured as follows: 



each node, for i = 0, 1...., W/2 - 1 




i on one incident link connected to channel 



w(i) on all other incident links of said each node, where w(i) = i + W/2. 
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